INTRODUCTION
One of major drawbacks of multi-code CDMA systems is high peak-to-average power ratio (PAPR) due to the aggregation of multiple spreading codes. As a result, multicode CDMA transmitters require the use of highly linear power amplifiers with a large back off. Binary CDMA (B-CDMA) is a new modulation method that quantizes the signal amplitude into a small number of levels and employs PSK-modulation for transmission with constant envelope [1] .
Thus, the B-CDMA can alleviate the need of linear power amplifiers, while preserving the advantages of CDMA signaling such as the soft capacity and robustness to interference. However, the performance can significantly be affected by the quantization process.
The B-CDMA signal can be generated by various methods including the pulse-width (PW), multi phase (MP) and code selection (CS) methods [1] . The PW B-CDMA signal is obtained by converting the magnitude of multi-level signal into a finite number of pulse width. Thus, the transmission bandwidth of the PW B-CDMA increases as the quantization level increases. In practice, the signal can be quantized into two levels to accommodate the increase of transmission bandwidth. The MP B-CDMA is generated by transforming the signal amplitude into a finite number of PSK signal constellation. The CS B-CDMA is generated by a two-step process. In the first step, the subset of spreading codes is selected to reduce the number of signal levels. In the second step the selected code is modulated using the MP B-CDMA scheme.
Optimum quantization of the signal amplitude can be achieved by using the Lloyd-max algorithm [2] . However the PSK signal constellation has not been optimized analytically for the MP B-CDMA. This is mainly due to the fact that the mean square error of the chip decision error and the symbol error in the PSK system cannot be represented in a simple form. The two signal points having the largest distance after the quantization are PSK-mapped so that they have the largest distance on the PSK signal constellation [3] .
For a given PSK signal constellation, the decision region can be determined so as to minimize the Bayes cost criterion [4] .
However it may not be optimum because the bit error rate CS B-CDMA is the same as the MP B-CDMA except the code selection block [5] , the analytic design can also be applied to optimum design of the CS B-CDMA signal.
Section 2 describes the structure of the MP B-CDMA system. In Section 3, the noise due to the quantization and chip detection error is analyzed. The PSK mapping points are optimized to minimize the chip detection error using an iterative method. The proposed signal mapping scheme is evaluated using computer simulation in Section 4.
Conclusions are summarized in Section 5.
SYSTEM MODEL
In the MP B-CDMA system, the sum of multiple users data is quantized into a finite number of levels and then modulated using a PSK modulation scheme. The received signal can be written as
where n denotes the AWGN term. The PSK demodulator transforms the phase information of r into the magnitude
The demodulated signal y is despreaded using the spreading code j c of the j -th user to detect the user data ˆj b as
Let j s , j δ and j e be the signal component, quantization noise and noise due to chip detection error at the j-th chip, respectively. Then, the demodulated signal y at the j -th chip can be represented as 
and ( | ) p j i is the probability that signal point i is misdetected to j [6] 
Since the first term in (14) can be ignored at high 
As r θ increases, the difference between the integrand of (12) and (16) increases. However the difference between the two integrals is negligible. Fig. 3 compares the integrand of (12) and (16) 
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PERFORMANCE EVALUATION

CONCLUSION
In this paper, we have analytically determined the optimum PSK mapping points of the MP B-CDMA in AWGN channel. The PSK mapping point is optimized by minimizing the mean square error due to chip detection error. The optimum mapping points and obtained using an iterative method using an analytic expression. The simulation results show that the proposed signal constellation can provide near optimum performance, yielding a BER performance gain of about 0.4dB over the conventional one.
